Abstract-Convective flow through a porous medium in a rectangular vessel with a linear temperature profile steadily maintained on the boundary is investigated. On the basis of numerical experiments the realization of steady regimes that belong to a globally stable, one-parameter family is studied at different vessel dimensions and initial temperature distributions. The regime selection is shown to strongly depend on the initial fluid temperature: a vicinity of two regimes is realized from initial data similar with the state of rest; at high initial fluid heating the regimes are selected from a vicinity of two other regimes; and in intermediate situations any of infinite number of steady regimes can be attained.
In the last few decades an investigation of the structures and properties of convective fluid flows saturating a porous medium has been actively carried out both theoretically and experimentally and numerically which can be attributed to the important role they play in engineering, geophysical, and geological processes. In many cases, two-dimensional models turn out to be efficient for the mathematical description. Thus, the results of the physical experiments on convective flows through a porous horizontal layer [1] were confirmed by the calculations [2] with a high accuracy.
In this study, we consider convective flow through an infinite porous cylinder in the two-dimensional formulation. An interest in the problem is due to both the physical applications and certain recently revealed nontrivial phenomena which did not appear before in the problems of mathematical physics. In [3] it was found that, owing to the loss of stability of the state of rest, there appears an infinite number of steady stable regimes belonging to a one-parameter family whose shape is similar with a circle in the phase space. The reason for this unusual first transition is the existence of nontrivial cosymmetry in the corresponding system of partial differential equations [4] . At a small supercriticity all the steady regimes of the family are neutrally stable in the direction tangent to the family and asymptotically stable in the transverse directions, while the family itself is globally stable [4, 5] . The steady regimes of the family are individual: any has its own stability spectrum and physical characteristics. This is a fundamental difference of the problem under consideration from the case of a horizontal layer.
The theoretical facts established were confirmed and developed in the physical experiments [6, 7] and the calculations [8, 9] . In the physical experiments different convective regimes were realized at the same constant heating of the fluid but at different initial states [6, 7] . These regimes differed both in the heat transfer characteristics and in the number and structures of the convective cells. In the bifurcation vicinity the one-parameter family of steady regimes was studied in [3, 4, 10] using the asymptotic methods, while its transformation with increase in the bifurcation parameter was numerically investigated. With increasing heating intensity the regimes appeared as a result of the first bifurcation transition start to lose stability and arcs of unstable steady regimes arise on the family [8, 9, 11] . As shown in [8, 9] , the type of the instability generated on the family depends on the vessel dimensions and can be both vibrational and monotonic. With further increase in the Rayleigh number all steady regimes become unstable, unsteady flows arise [12] , and the family ceases to be globally stable.
When stable regimes can co-exist, natural and important selection questions arise, namely, what regime will be realized in experiments, how this process depends on different conditions, what factors determine the realization probability, and whether the control of the selection is possible. Similar problems were considered but until recently the regime selection from only a finite set has been concerned, see, for example, [13] [14] [15] [16] . From this standpoint, it is the convection in a plane horizontal vessel heated from below, or Rayleigh-Bénard convection, that is most studied [14, 15] . Different studies [15] have shown that the flow stability is the necessary but not sufficient condition of the regime realization. The state selected is not necessarily optimal; it is the result of the action of many factors and the depends on the general flow geometry determined by the initial and boundary conditions [14] .
In this study, we investigate a situation in which there simultaneously exist an infinite number of stable steady regimes with different properties and consider the dependence of the stable regime selection on one of the determining factors, namely, the initial state of the fluid. On one hand, the presence of the one-parameter family of steady regimes makes the solution of the selection problems more difficult but, on the other hand, the presence of a hidden parameter in the problem and the sufficient simplicity of the phase space structure can make it possible to reveal its mechanisms at small supercriticities.
A study of the mechanisms of the selection of the one-parameter family equilibria in cosymmetric systems was started in [17] . For an abstract model of convective flow through a porous medium described by a system of three ordinary differential equations numerical experiments on the selection of the equilibria of a globally stable family were carried out. It turned out that in the cosymmetric case a vicinity of a unique equilibrium belonging to the family is realized from the initial data fairly distant from the cycle. In this case, the dynamics of the steady-state attainment is divided into two stages: the attainment of an invariant subspace by the trajectory and the approach of one of the points of the family within this subspace. When the initial data are similar with the state of rest, two regimes can be realized at an equal probability. It is natural to suppose that in the case of the complete equations the regime selection scenario for a one-parameter family can also be similar with that described in [17] . In [18] the realization of the family regimes was numerically investigated in the cosymmetric case with the boundary conditions disturbed on a final initial time interval and the probability distribution functions of the regime realization were constructed.
ORIGINAL EQUATIONS AND THEIR APPROXIMATION
In the Darcy-Boussinesq approximation the dimensionless equations of convection in a porous medium are as follows [1, 3] :
Here, v is the flow velocity, T is the temperature measured from a mean value, p is the pressure, c = √ λ , and γ is the upward-directed unit vector. The parameter λ = β gAKl/(χν) is the counterpart of the Rayleigh number, where β is the thermal expansion coefficient, g is the gravity acceleration, A is the characteristic temperature difference, K is permeability, l is the scale length, and χ and ν are temperature conductivity and kinematic viscosity of the fluid.
We will consider a volume in the form of a horizontal cylinder with a rectangular cross-section D = [0, a] × [0, b] . All the boundaries of the cylinder are assumed to be impermeable and the temperatures T 0 + A and T 0 are maintained on the lower and upper cylinder boundaries, respectively. Under these conditions the fluid can be at rest only when the temperature distribution along the vertical coordinate is
